Background: Methadone maintenance treatment (MMT) reduces the harms of opioid use disorder and is being rapidly scaled-up in China. This study evaluated the real-world implementation of MMT system in Wuhan, China. Methods: Data extracted from electronic medical records collected in 2010 on 8811 patients were used to compute for each patient indices of the prescribed and consumed daily methadone doses, an adherence index, dose adjustments following missed doses, the rates of opiate positive urine tests, self-reported drug use, injection drug use (IDU), and the duration of MMT exposure. Findings: The modal daily doses prescribed were 60 mg and above for 68.5% of patients. Adherence was variable: 51% of patients attended less than 60% and 26% attended 80-100% of their treatment days; and patients with long MMT exposure had significantly higher adherence rates than patients with short MMT exposure. The differences between doses dispensed immediately before and after the interruption in dosing days ranged from 0 to 7 mg, independently of the length of the interruption or the prescribed dosing level. The overall rate of opiate positive tests was 20%; 45% of patients had at least one opiate positive test; 29% reported past month drug use and 53% of them reported past month IDU. Adherence and MMT exposure duration correlated significantly with the proportion of opiate negative urine tests (r = 0.355, p < 0.001; r = 0.351, p < 0.001, respectively). Treatment for males and females was comparable. Conclusions: Provision of safe methadone dosing after absences and improving daily attendance are identified as priority improvement areas.
Introduction
Problems with opiate use, injection drug use (IDU), and transmission of human immunodeficiency virus (HIV) are closely interrelated in China, which has an estimated 780 000 HIV infected individuals and over 2 million registered drug users (Kulsudjarit, 2004; Lu and Wang, 2008; Meise et al., 2009 ; Ministry of Health of the People's Republic of China, 2012; Narcotics Control Bureau of scale up of MMT programs across China reported use of lower than generally recommended dosages of methadone, misconceptions about MMT (e.g., that MMT is intended primarily for detoxification or short term treatment or that low doses are preferable to avoid perceived harm of methadone), paucity of counseling or other services offered in the clinics, irregular attendance by MMT patients, and high drop-out rates (Gu et al., 2012; Lin et al., 2011; Ren et al., 2013; Sullivan and Wu, 2007; Sullivan et al., 2013) .
The current study is based on an initial evaluation of quality of care and treatment effectiveness measures of MMT services in Wuhan, China, which has 20 dispensaries or clinics with a cumulative enrollment between 2006 and 2010 of over 16 000 patients. The study findings, initiated ongoing quality improvement efforts aimed at improving the overall effectiveness of MMT in Wuhan. These quality improvement efforts include a review and revision of the current MMT guidelines and treatment protocols, improved and extended training and supervision of MMT doctors and nurses, and research to evaluate interventions that could be feasible and effective in improving the overall effectiveness of the MMT programs in China.
Data extracted for this study from electronic medical records of all patients enrolled in any of the MMT dispensaries or clinics operating in 2010 in Wuhan included patient characteristics, key MMT characteristics (including data on patterns of methadone dosing and patient attendance), and indicators of treatment response (self-reports of illicit drug use and urine toxicology tests results). Additionally, we explored the data for potential predictors of treatment efficacy and for gender differences.
Methods

Setting
Wuhan is a sprawling and populous city in central China, with a total population of over 10 million. The first MMT dispensary or clinic opened in Wuhan in April 2006. By 2010, Wuhan Centers for Disease Prevention and Control (CDC) managed a MMT system consisting of 20 satellite dispensaries (or clinics) covering 8 of the 13 urban districts within the Wuhan metropolitan area. All dispensaries were linked and monitored by a centrally managed computerized clinical database system. Dispensaries are either stand-alone facilities or co-located with detoxification programs or general medical or psychiatric hospitals. In 2010, patient enrollment in each dispensary varied between 177 and 1606 patients. Each dispensary employed at least one medical doctor, who evaluated patients at treatment entry and prescribed the methadone, and a nurse or pharmacist who dispensed prescribed methadone and observed methadone ingestion. Methadone was dispensed in liquid form (1 mg/ml concentration). Patients were expected to attend clinic every day for their methadone dose, and there was no take-home dosing. At each clinic visit, patients were required to pay a fee of 10 RMB (∼US$ 1.50 in 2010) before receiving their methadone dose; the fee amount was fixed and did not depend on the methadone dose or the level of services received or offered at the clinic. Patients could meet with the doctor to discuss their methadone treatment (e.g., request a dose change) or other health concerns on an as needed basis. At least once per month, most dispensaries also offered an educational group covering topics such as prevention of common needle-borne infections, including HIV and Hepatitis C virus (HCV), the importance of methadone adherence and retention in treatment, and harms of drug use and overdose prevention. Attendance at such groups was voluntary, and typically only a small number of patients participated in them (less than 20 at each group meeting) (personal communication from Pulin Liu, March/April 2014). No other psychosocial interventions were offered as a part of the standard treatment.
MMT admission was restricted to opiate using local residents at least 18 years old (Meise et al., 2009; Tang et al., 2006) , and after 2006, admission did not require a history of failed prior detoxification attempts (Meise et al., 2009 ). Patients could miss medication without penalties and could resume treatment by simply returning to the clinic for treatment.
Other treatment options or services were very limited for people using opioids in Wuhan in 2010. Voluntary detoxification centers provided inpatient treatment for opioid, amphetamine-type stimulant, and ketamine use disorders. Some treatment and detoxification centers provided services based on traditional Chinese medicine (herbal medications and non-medication interventions such as acupuncture and massage; Tang et al., 2006) . There were also small needle exchange programs at two sites on the outskirts of Wuhan enrolling a total of about 100 individuals in 2010.
Data
The study used data from de-identified electronic medical records of all MMT patients who were active in treatment during the year 2010 (i.e., patients who received at least one dose of methadone between January 1 and December 31, 2010 in any of Wuhan's MMT dispensaries/clinics). The database consists of data collected at treatment entry and follow-up updates collected yearly, including demographic information (e.g., sex, ethnicity, education, marital status, occupation, living situation, income source), drug use data (e.g., age of first use, number of times per day in past month using opiates, amount spent per day on opiates in the past month), behavioral patterns of drug use and risk behaviors (e.g., self-report on needle sharing frequency, drug use methods and routes of administration, sexual activity and condom use), selected social factors (e.g., arrests and crimes committed, family relationship, employment and sources of money, socialization with drug users), treatment history and current treatment related factors (e.g., transportation and commute to MMT clinic, satisfaction with treatment, usefulness of clinic hours, cost of treatment, adequacy of dosing, and satisfaction with the service quality of the clinic). Other data include the results of tests for tuberculosis collected at entry, HIV collected at entry and every 6 months, and syphilis and HCV collected at entry and yearly. Tuberculosis testing consists of a screening chest X-ray followed by confirmatory testing if abnormal. Patient level treatment data include results of urine toxicology tests for illicit opiate use (testing morphine metabolites only), scheduled to be collected monthly, and the dates and doses of methadone administered for each patient.
The characteristics of the study cohort are based on data collected by CDC between April 2006 and December 2010 (patient self-report data at treatment entry with follow-up updates, and results of the most current infectious disease test results). The study findings are based on medication dispensing records and urine toxicology results collected between January 1 and December 31, 2010, and the duration of MMT participation prior to active treatment in 2010.
Data quality assessments and analytic strategy
We first evaluated the extracted data for overall quality/accuracy and completeness using data quality checks and exploratory analytical tools. We evaluated the patterns of missing data, duplicate data, and patterns of dosing that could be indicative of errors (e.g., unusual changes in daily doses for the same patient). Of the 8828 individual patients recorded as receiving methadone in 2010, 275 had multiple records of treatment entry data (i.e., the date when they first started methadone, baseline demographics). We used their earliest collected data. Seventeen patient identification numbers were associated with repeated doses in more than one dispensary on the same day. Since it could not be determined if this was the same person dosing in multiple dispensaries or if the same identification number was assigned to different people, we chose to exclude these identification numbers from the analysis. Our final sample for analysis included 8811 patients.
Outcome measures
Based on data extracted from the database, we calculated the following process measures and treatment indices for each patient: (1) an episode of active treatment in 2010 was defined as a period between the first and the last recorded dose of methadone, where the patient did not miss more than 14 consecutive days of medication attendance; (2) the mean daily methadone dose delivered, based on the medication consumption data, was calculated as the mean of all doses during the active treatment episode where missing doses are coded as 0 mg; (3) the modal daily methadone dose prescribed was based on the modal (most frequent) value of all doses dispensed during the active treatment episode; (4) for patients who missed 1, 2, 3, 4, 5, 6, 7-14, and more than 14 consecutive methadone dosing days, we calculated the differences between the last dose received before and their first dose received after (resumption dose) each of the missing periods, and we compared the differences between these doses as a function of the patient's prescribed dosing range prior to missing (below 40 mg, 40-59.9 mg, 60-89.9 mg, and 90 mg and above); (5) an adherence index (percentage of days attending treatment and receiving methadone) was calculated as a ratio of days attending the clinic (taking methadone) to the total number of days in an episode of active treatment during 2010; (6) a proportion of urine tests positive for morphine; (7) the MMT exposure duration was calculated as a number of days between the first methadone dose ever received in MMT in Wuhan and the onset of the first treatment episode in 2010, and the MMT exposure rank was calculated using tertiles of the distribution of these values in the entire study sample. Consequently the study participants were classified into three groups: (1) those who started MMT within the past 9 months -short MMT, (2) those who started MMT between 9 and 18 months prior to 2010 -medium MMT; and (3) those who started MMT more than 18 months before their 2010 treatment episode -long MMT.
The clinical database used by the MMT programs in Wuhan does not include data on the missing doses or missed clinic visits. Only the doses that are dispensed and ingested by patients when they come to the clinic and their dates are recorded. The missing doses/visits are represented by missed or lapsed dates and records in the database. In our study, we first computationally supplemented the original database by inserting the missing/lapsed dates and inserting 0 mg as values of for the missing methadone doses before calculating the above defined dosing indicators for each study participant. Data extracted from the database of clinical records and the calculated process measures and indices were used in descriptive statistics to characterize the patient cohort and to evaluate the treatment implementation characteristics. Additionally, we used a regression analysis and the ANOVA to evaluate the relationship between the proportion of urine tests negative for opiates and the mean daily methadone dose delivered, the modal daily methadone dose prescribed, the treatment adherence index, the MMT exposure duration, and gender. Finally, characteristics and outcomes of male and female cohorts were compared using the analysis of variance (t-tests) for continuous variables.
Results
Demographics and drug risk behaviors
The mean (SD) patient age was 41 (7.3) years; range 18-72 years; 72.3% (6217/8596) were male; 71.6% (6155/8596) had a middle school education or less (typically to age 15); 76.2% (6370/8355) were living with family members; 59.1% (4885/8260) were financially supported by friends or family members, 38.2% (3156/8260) were financially supported by salary, temporary work or government assistance, and 2.7% (219/8260) reported other unspecified sources of support.
At MMT entry, 96% (8006/8333) reported heroin alone as their preferred drug; 4% reported a preference for heroin combined with other drugs, or for morphine, benzodiazepines, or other nonspecified drugs; 67% (5682/8473) reported injecting drugs in the past month, and 5% of them (294/5682) reported sharing needles in the past month. The mean (SD) age of first drug use was 28 (7.4) years, with 63 as the oldest reported age of initiation. The mean (SD) duration of lifetime drug use was 13.2 (5.5) years. In the month prior to treatment entry, patients reported the mean (SD) of using heroin 3.4 (3.3) times per day and spending 295 (222) RMB (approximately $US 45 in 2010) per day on drugs. The mean (SD) of MMT exposure duration in the study sample was 316 (241) days. See Table 1 for other demographic and drug use behaviors by the MMT duration ranks.
Methadone dosing and adherence
While the modal daily methadone dose prescribed was 60 mg or more for 68.5% of patients, the mean daily methadone dose delivered was below 60 mg for 81.6% of patients and 55.1% received/ingested a mean daily delivered dose of less than 40 mg (see Fig. 1 ).
In the entire study sample, the majority (51.4%) of patients attended the clinics and ingested methadone on less than 60% of days in active treatment; 22.8% attended the clinics and ingested their prescribed daily maintenance doses on 60-79.9% of days, and 25.8% attended the clinics and ingested their prescribed daily maintenance doses on 80-100% days in active treatment.
The analyses of methadone dosing and adherence data show different patterns of results for different groups of patients based on their MMT exposure rank. While the distribution of the modal daily methadone doses prescribed does not differ substantially between the patients with short, medium, and long MMT exposure (see Fig. 2a ), the distribution of the mean daily methadone doses delivered and adherence levels show that substantially more patients with long MMT exposure (28.9%) than patients with short MMT exposure (10%) had taken the mean daily methadone doses of 60 mg and above (see Fig. 2b ).
Similarly, substantially more patients with long MMT exposure (44.2%) attended the clinics and ingested 80-100% of their prescribed daily maintenance doses than patients with short MMT exposure (16.2% of these patients attended the clinics and ingested 80-100% of their prescribed daily maintenance doses) (see Fig. 3 ). There were also statistically significant differences in the overall means of the adherence index among the three MMT exposure duration groups: 48% in the short MMT exposure group; 58% in the medium MMT exposure group; and 72% in the long MMT exposure group (F(2,8810) = 798, p < 0.001).
The mean difference between the last methadone dose dispensed before missing 1, 2, 3, 4, 5, 6, 7-14, and more than 14 consecutive days of methadone dosing ranged from 0 mg to 7 mg regardless of the prescribed dosing range prior to missing (below 40 mg, 40-59.9 mg, 60-89.9 mg, and 90 mg and above), the number of days missed before resumption of methadone dosing, or their MMT exposure duration. There were 9882 dosing instances (involving 3226 patients) in 2010 where a patient received a resumption methadone dose of 60 mg or more (range 60-230 mg) after missing between 7 and 14 days of dosing.
Drug use during treatment
Past month drug use (during MMT treatment in 2010) was reported by 29.2% (1572/5392), and 52.5% of those who reported drug use (826/1572) also reported IDU in the past month. Additionally, 45.4% (3374/7429) of patients had at least one opiate positive test during MMT treatment in 2010, and the overall mean (SD) of all opiate positive tests in the study sample was 20% (30%). There were also statistically significant differences in the overall rates of opiate positive urine test results among the three MMT exposure duration groups: 37% in the short MMT exposure group; 16% in the medium MMT exposure group; and 10% in the long MMT exposure group (F(2,7428) = 615, p < 0.001). The reported rates of drug use and injection drug use during MMT also differed significantly across the three MMT exposure duration groups: in the short MMT duration group, 40% reported drug use in the past month and 26% reported injection drug use in the past month, in the long MMT duration group, 27% reported drug use in the past month and 7% reported injection drug use in the past month (p < 0.001 for both variables).
In the regression analysis, adherence with daily methadone dosing and MMT exposure duration correlated significantly (r = 0.355, p < 0.001; r = 0.351, p < 0.001, respectively) with the proportion of opiate negative urine tests; the mean daily methadone dose delivered, the modal daily methadone dose prescribed, and gender were not significantly associated with the proportion of opiate-negative tests (p = 0.400, p = 0.486, and p = 0.878, respectively).
Gender differences
At treatment entry, female compared to male patients were significantly younger, had an earlier age at initiation of drug use, had fewer years of drug use, and were more likely to have been sexually active in the past month and more likely to have exchanged in sexual acts for drugs in the past three months (all p values < 0.001; see Table 2 for details). During treatment, there were no significant differences between female and male patients in the proportions of opiate-negative urine toxicology tests (p = 0.8) or patterns of methadone adherence (p = 0.5). There were small differences between females and males in the mean daily methadone dose delivered (42 mg vs. 39 mg) and the modal daily methadone dose prescribed (72 mg vs. 58 mg) (see Table 3 for details).
Discussion
This study assessing all methadone maintained patients in Wuhan, China, found that a low proportion of patients adhered adequately to daily methadone dosing -overall, only 25.8% received 80% or more of their daily doses while in treatment -and a significant correlation between poor adherence to daily treatment regimen and ongoing illicit opiate use during treatment. Additionally, the study found that when methadone dispensing was resumed for patients even following prolonged periods of missed methadone dosing, the methadone doses were not reduced in consideration of the loss of tolerance to methadone, potentially putting patients at risk of opiate overdose. Although China has undertaken a massive expansion of MMT in order to reduce problems with drug use and HIV transmission, the findings suggest that there is significant room for improving MMT implementation and treatment outcomes in China. The study findings also show a strong effect of the duration of exposure to MMT on improved daily adherence to treatment and consequently on the mean daily methadone doses delivered and ingested and on improved drug use outcomes. There are several possible interpretations of these findings. One is that staying in MMT longer leads to better treatment outcomes (Ward et al., 1999; Zhang et al., 2003) . Alternatively, those who entered treatment earlier may have different characteristics than those who came later (though, in our study, there were no clinically meaningful differences in their baseline data), or those who remain in treatment the longest are those who are doing well, while those who entered at the same time but had worse outcomes were no longer in treatment in 2010. Future studies can be designed to provide better explanations for these findings.
The research evidence accumulated to date and supported by the findings of the current study, underscores some broad similarities between China, the U.S. and other countries in challenges of treating people with opioid use disorder, despite vast differences in environment, culture, and socioeconomic opportunities. The patterns of daily methadone adherence found in the current study are compatible with problems of inconsistent treatment participation and suboptimal retention reported in several earlier studies in China, and elsewhere in the world (Gu et al., 2012; Lawrinson et al., 2008; Sullivan et al., 2013; Wu et al., 2013; Zhang et al., 2013) . One study of 58 methadone programs in low and middle income countries with 27 047 participants found that the average retention after 12 months was 54.3% and comparable to retention rates in high income countries (Feelemyer et al., 2014) .
Possible reasons for low adherence observed in the current study include both patient-related factors associated with having a substance use disorder (e.g., overall disorganization, poor decision-making, potentially impaired cognitive functions and impulsivity) and program-related or societal factors, including lack of understanding among patients and clinical personnel about the effective ways to use methadone, requiring daily payment of fees which may be a disincentive to daily attendance, and problems (1612) a The mean daily methadone dose delivered was calculated as the mean of all doses during the active treatment episode where missing doses are coded as 0 mg; the modal daily methadone dose prescribed was based on the modal (most frequent) value of all doses dispensed during the active treatment episode; an adherence index (percentage of days attending treatment and receiving methadone) was calculated as a ratio of days attending the clinic (taking methadone) to the total number of days in an episode of active treatment during 2010.
with accessibility of treatment, including transportation difficulties, distance to clinics, limited treatment hours, and interference with work or other responsibilities ). An additional barrier to adherence is the possibility of arrest for drug use by public security officers targeting patients entering and leaving methadone clinics (Meng and Burris, 2013; Yang et al., 2014; Zhang et al., 2013) .
The very limited services provided along with methadone in Wuhan MMT programs are comparable to low-intensity or minimal services programs that have been evaluated elsewhere, most notably by McLellan et al. (1993) . While low-intensity or minimum services programs offered benefits over no treatment (Schwartz et al., 2006 (Schwartz et al., , 2007 , they were found sub-optimal for the majority of MMT patients (Deering et al., 2014; McLellan et al., 1993) , and the results of the current study are in line with these other findings. Regardless of the reasons for low adherence, missed doses leave patients at increased risk for opioid withdrawal, craving, and relapse, as reflected in the study findings that low adherence with daily methadone dosing was associated with illicit opiate use during treatment. Offering additional effective interventions educating patients about the benefits of high adherence to methadone treatment and/or helping them to develop skills and plans focusing on improved treatment adherence may also potentially lead to improved overall attendance.
The findings that physicians prescribed doses on average 60 mg/day or greater indicate good compliance with China CDC treatment recommendations regarding methadone doses (Yin et al., 2010) . However, due to a low adherence to daily clinic attendance and missing of prescribed daily maintenance doses, the average ingested dose was low, below 40 mg/day for the majority of MMT patients in 2010. This finding is consistent with earlier studies elsewhere. For example, a study evaluating 17 years of methadone prescribing in the US found that "Thirty-four percent of patients receive doses below 60 mg/day, while 17 percent receive doses below 40 mg/day" (Pollack and D'Aunno, 2008) .
The finding that the methadone dose was not reduced following missed doses, even after more than one week of missed medications and even for patients receiving higher methadone dosages, raises important safety concerns, since patients can quickly lose tolerance to methadone after their last dose and are at risk of methadone overdose if they are reinitiated at a high dose (Baxter et al., 2013) . The finding that doses were not reduced following prolonged absences also suggests that physicians (as well as patients) do not fully appreciate the risks of methadone treatment, how it works, and appropriate safe and effective prescribing practices.
Nearly half of the patients had at least one opiate positive urine test during MMT. Although the overall proportion of opiatepositive urine tests during treatment was relatively low, this rate may underestimate the extent of use because urine toxicology tests were infrequent and often missed in part because of poor clinic attendance. While urine tests are planned/scheduled for each patient once per month in Wuhan MMT programs, in reality they were obtained when patients presented to the clinic, not truly randomly, and collected less often than intended weakening the potential clinical utility of this data.
Gender did not markedly affect treatment characteristics or treatment outcomes (28% of patients were female). The statistically significant differences between male and female drug users obtained in these comparisons are primarily driven by the large sample size and are of limited clinical importance. Both females and males had similar rates of subtherapeutic ingested daily doses (78% for females and 71% for males). Adherence with treatment was low in both groups, with only 25% of females and 26% of males coming to the clinic and receiving prescribed medication on 80-100% of treatment days. Since the outcomes and problems experienced for males and females were similar, the study findings suggest that general approaches to improving treatment and treatment outcomes may be of greater value at present than developing gender-specific interventions.
Study limitations
While providing a very large pool of real-world data, the database comes from one city in China, and the results of the current study may not generalize to all of China or other countries. Differences in patient populations (e.g., the prevalence of HIV in Wuhan patients was less than 0.5% in 2010, considerably lower than in some other regions of China), and potential differences in program implementation may limit the generalizability of the findings. Nonetheless, it is important to note that the Wuhan MMT program follows the same clinical guidelines and protocols used throughout China, its MMT patient population is similar to many urban regions of China with a large proportion of IDUs and a high prevalence of HCV, and Wuhan MMT physicians receive the same education, training, and monitoring as MMT physicians throughout China.
Additionally, the database was designed for clinical monitoring and not for research. There are missing baseline and self-report data. Self-report data cannot be independently verified for accuracy. Urine toxicology screens were obtained when patients presented to the clinic, not truly randomly or collected as often as intended. Other than methadone dosing, self-reported drug use, and morphine-derivative urine toxicology, there is little information about other drug use or other services provided, comorbid psychiatric conditions, or other treatment outcomes. When patients enter the MMT program, they are evaluated using a standard set of questions regarding their demographics, drug use and related history, risk behaviors, and they are also tested for infectious diseases. Throughout their MMT participation, patients data obtained at baseline are updated (repeated evaluations and tests). Despite the MMT staff efforts to update all patients data regularly at uniform intervals, the available database is not completely up-to date (patients miss repeated evaluations for various reasons, and there are no incentives or penalties related to missed evaluations). In our study, we used the latest available record for each of the study participants. Data limitations related to varying timing of the available data records may also have contributed to the observed lack of differences among various study groups.
Conclusions
The rapid expansion of MMT in China has attracted a large number of admissions, and treatment for males and females appears clinically comparable. Problems documented by the study, including problems providing safe methadone dosing after absences, ensuring that patients receive effective methadone dosages (consistent with known standards for efficacy), and implementing structural or programmatic changes and supplemental interventions aimed at improving treatment adherence and effectiveness have been identified as priority quality improvement areas in China. Based on the findings of the current study and on findings from another recently published study by our team (Zhou et al., 2015) , some of the initiatives currently being implemented by the Wuhan CDC include: developing improved guidelines concerning methadone dosing, including safe-dosing of patients who miss medication; developing procedures to incentivize patients to maintain high levels of daily adherence by modifying the required payment schedules; improving educational and drug counseling capacity and expertise in MMT clinics (including increasing training opportunities for MMT physicians and nurses); strengthening communication and collaboration between the MMT personnel and the local police/security organizations to eliminate or minimize the threats/risks to MMT patients resulting from the police and security forces operating in close proximity to MMT clinics; improving data, and data reporting capabilities of the computerized monitoring systems implemented in MMT programs in Wuhan. Additionally, in collaboration with the study investigators, Wuhan CDC is also undertaking a large randomized clinical trial (RCT) evaluating the feasibility and the efficacy of adding different counseling models to standard MMT in China.
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